The role of the research system in 'Learning Economies' by Manley, Karen & Thorburn, Lyndal
This is the author’s version of a work that was submitted/accepted for pub-
lication in the following source:
Manley, Karen & Thorburn, Lyndal (1997) The role of the research system
in ’Learning Economies’. PVCR Subcommittee of the AVCC, Canberra.
This file was downloaded from: http://eprints.qut.edu.au/41307/
c© Copyright 1997 [please consult the authors]
Notice: Changes introduced as a result of publishing processes such as
copy-editing and formatting may not be reflected in this document. For a
definitive version of this work, please refer to the published source:
 
 
 
 
 
 
 
 
 
 
 
The Role of the Research System  
 
in  
 
‘Learning Economies’ 
 
 
 
 
 
 
 
 
Report to the PVC-R Subcommittee of the AVCC 
Dr K Manley and Ms L Thorburn 
 
 
 
 
 
 
 
 
 
 
31 October 1997 
 
 
 2
 
 
 
Contents         Page No. 
 
 Introduction 
 
3 
PART A: THE ROLE OF THE RESEARCH SYSTEM IN 
LEARNING ECONOMIES 
 
4 
1. Economic Growth Theories 4 
2. Learning Economies 4 
3. The Research System, Learning, Innovation and Economic 
Growth 
5 
4. Globalisation and National Research Systems 6 
5. National Innovation Systems: Links between the Research 
System and Potential Partners 
8 
6. The Research System and Networking Relationships in the 
Australian Context 
10 
7. Geographical Issues: The Research System and its Neighbours 13 
8. The Research System and the Role of Basic Research 14 
9. The Future of Universities and the New Production of 
Knowledge 
15 
10. Part A Conclusions 
 
16 
PART B:  IMPROVING THE PERFORMANCE OF THE 
AUSTRALIAN RESEARCH SYSTEM - SOME OPTIONS 
 
17 
11.  Australia’s National Innovation System  17 
12.  Importance of Basic Research to the National Innovation 
System, and the Role of Universities 
20 
13.  Universities as Central Players in the Research System 21 
14.  Linkages and Networks: what universities and government 
can do to support the innovation system 
25 
15. Geography and Linkages Between System Elements 
 
29 
16. Part B Conclusions 
 
30 
REFERENCES 32 
 
About the authors: 
Dr Karen Manley is a Research Associate with the Faculty of Business and Technology at the 
University of Western Sydney (Macarthur) and a co-author of ‘The High Road or the Low 
Road: Alternatives for Australia’s Future’. 
Ms Lyndal Thorburn is Director of Advance Consulting & Evaluation Pty Ltd (ACN 075 223 
282) and a PhD candidate at Macquarie University, researching global-local interactions 
and the development of high tech industry in Australia.
 3
 
 
 
 
 
 
 
Introduction  
 
This paper provides a framework for analysing the role of Australia’s research system 
in promoting national economic development. The paper is in two parts.  Part One 
focuses on knowledge diffusion and technological development and emphasises the 
systemic nature of innovation processes within the emerging context of ‘learning 
economies’.  The key understandings relevant to a nation’s research system are drawn 
out from contemporary developments in the international literature on ‘learning 
economies’. Some of the implications for Australia are discussed.  The aim is to 
provide readers with some indications of what to look for in considering options for 
the future of Australia’s research system.  More detailed information on relevant 
aspects of Australia’s industrial and trade structure, the extent of the R&D effort in 
industry and on issues such as  management capability can be obtained from 
(Marceau et al 1997). 
 
In the second part, broad elements of the Australian research system are reviewed in 
the light of findings from the literature. The central role of universities in the 
innovation and research systems is described.  Actions that can be taken by both 
universities and governments are suggested, particularly regarding the need to build 
and maintain efficient information flows at local, national and international levels. 
The  paper briefly points to the nature of a research system capable of contributing 
effectively to the wealth of the nation and indicates some possible directions for 
enabling Australia to meet the demands of, and profit from, a knowledge-based 
economy. 
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Part A: The Role of Research Systems in the ‘Learning Economy’ 
   Literature1 
 
1. Economic Growth Theories 
 
The international literature on economic growth reveals the increasing irrelevance of 
traditional neoclassical approaches (Marceau et al 1997: 1.7). The structure of modern 
capitalist economies bears little relationship to models of perfect competition which 
form the foundation of traditional approaches. Although recent developments arising 
out of neoclassical theory, such as New Growth Theory and Strategic Trade Theory, 
are better able to account for the central role of learning in economic growth, they fail 
to appropriately emphasise the dynamics of economic systems. On the other hand, the 
‘learning economy’ perspective is seen by many authors to offer essential insights to 
the functioning of modern economies (see eg. Lundvall and Johnson 1994; Smith 
1995; OECD 1996; Marceau et al 1997).  
 
2. Learning Economies 
 
The ‘learning economy’ is a phrase that has appeared recently in the international 
literature on innovation and economic growth. It first featured in documents 
associated with the OECD’s program of work on ‘knowledge-based’ economies and 
national innovation systems which has been carried out over the past few years (see 
eg Lundvall 1996). 
 
The learning economy perspective is in many ways a response to changes  in the 
dynamics of world economic development during the 1990s. These changes, 
including the information technology revolution, the increasing knowledge intensity 
of production, reducing barriers to trade, and the globalisation of services are 
perceived to change the basis of competition (Sheehan et al 1995: 1-10). In modern 
economies, ‘the real and controlling resource and the absolute decisive factor of 
production is now neither capital, nor land, nor labour. It is knowledge.’(Drucker 
quoted in Malley 1996: 431), The success of western economies is increasingly 
perceived to be a function of the learning capacity of those economies: 
 
Innovation-based approaches suggest  that in the long-run a country’s 
competitive advantage will be in areas where its rates of learning are higher 
than those of competitor countries. (Marceau et al 1997: 2.3) 
 
Learning is thus seen to be essential to the creation of ‘competitive’ advantage. As 
Porter (1990) has shown, competitive advantage is created  by nations which no 
longer rely on their so-called ‘natural’ advantage for their economic success. 
 
Learning is defined as more than the simple process of accessing  information stocks. 
Information can often be broken-down into component parts and distributed via 
telecommunications systems. Learning is a more complex process that involves 
                                                          
1 This part of the report draws on Marceau et al 1997 as a central reference. However, quotes appearing 
in that report are referenced back to the original source in this report. This improves the readability of 
the document. The original sources are included in the reference list.  
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acquiring knowledge and utilising it through understanding the significance of 
information and its possible applications.  
 
Clearly the research system plays a large part in the generation of knowledge - 
whether that knowledge is in the form of know-how, know-what, know-who, or know 
why; whether it be tacit or codified; or whether it be learning-by-doing, learning-by-
using or learning-by-interacting.  Know-what and know-why involve codified 
knowledge which can be easily accessed as information in lectures, data bases and 
books etc. Know-what is knowledge about facts, whilst know-why is knowledge 
about principles and laws. 
 
Know-how and know-who involve tacit knowledge which is not easily transmitted. 
Know-how is the skills required to undertake a given task successfully. Know-who is 
information about who knows what and who knows how to do what. Tacit knowledge 
is primarily gained through practical experience and social interaction. The terms 
‘learning-by-doing’, ‘learning-by-using’ and ‘learning-by-interacting’ describe the 
sorts of processes that can underlie the acquisition of tacit knowledge. 
 
3. The Research System, Learning, Innovation and Economic Growth 
 
The research system consists of organisations and relationships dedicated to searching 
for information and learning. The research system is the arena in which the most 
intense learning activity takes place in an economy. The primary means through 
which knowledge/learning, a key research system output, is seen to translate into 
economic success is through innovation. Innovation is the overall process by which 
economic agents assemble, from a wide variety of internal and external sources, the 
knowledge necessary to enhance their competitive position and by which they re-
shape their organisation to make effective use of that knowledge (Sheehan et al 1995: 
19). Innovation includes both new products and processes and significant changes to 
products and processes (OECD 1992).  It involves a series of scientific, technological, 
organisational, managerial, financial and commercial activities (Marceau et al 1997: 
2.1). Innovation is the result of commercialising information and knowledge. 
 
The positive link between innovation and economic growth is no longer in dispute. 
Although there are differences of opinion among analysts as to the means and extent 
of the connection between innovation and growth, both theoretical developments and 
empirical evidence support the central importance of innovation.  Recent theoretical 
developments in response to the short-comings of traditional neoclassical models of 
the growth process, for example, have involved the inclusion of information, 
knowledge and innovation within the explanatory frameworks used.  Thus, New 
Growth Theories conclude that growth is driven by knowledge externalities: 
 
This means that it is theoretically possible to accept that benefits may flow 
from the active encouragement of knowledge-related activities or processes 
which generate those externalities and assist in their diffusion. (Marceau et al 
1997: 1.17) 
 
Innovation-based theories, which are often based on the principles of ‘evolutionary 
economics’, similarly acknowledge the central role of knowledge in modern 
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economies. Such theories focus on the relationships between economic actors which 
impact on the generation and diffusion of knowledge and innovation. Growth is seen 
to be in large part determined by the ways in which firms and the research system 
interact. 
 
Schumpeter, writing in the 1930s and 1940s, emphasised the link between innovation 
and growth, although Solow’s 1957 examination of economic growth in the US is 
often cited as the first empirical investigation into the importance of innovation. Since 
that time, the value of innovation has been widely recognised. Dodgson (1996) 
summaries some recent findings: 
 
While difficulties remain in measuring the precise contribution of technical 
change to the growth of industries or countries, no one doubts that innovation 
is essential to this process (Freeman 1994). At the national level, technological 
activities - as measured by R&D and international patenting - are statistically 
significant determinants of export and productivity performance (Fagerberg 
1987). Technological innovation has played a significant role in the economic 
transformation of the East Asian economies (Hobday 1995). Entire industries 
and geographical regions can be invigorated or depressed by technological 
change (Utterback 1994; Saxenian 1994). At corporate level, new products 
less than five years old account for, according to one estimate, 52% of sales 
and 46% of profits of US firms (Cooper 1993). Within the factory, the use of 
advanced manufacturing technology is unequivocally associated with greater 
productivity, higher survival rates, higher wages and more rapid employment 
growth (US Dept of Commerce 1994). At all levels of analysis, 
competitiveness and the ability to pay your way in the world depend on the 
effectiveness of technological innovation. 
 
Indeed, a very recent econometric study by Meliciani and Simonetti (1997) evidences 
a positive relationship between a country’s specialisation in fast growing technologies 
and economic growth rates: 
 
When technological spillovers are higher at a national than at an international 
level, a country that specialises in high-tech products can experience higher 
rates of growth relative to a country that is specialised in the production of 
traditional products, because the opportunities of innovation are higher. 
(Meliciani and Simonetti 1997: 2)  
 
Hence both theoretical and empirical evidence suggests that the knowledge 
production system is essential to innovation and economic growth. The ‘learning 
economy’ perspective on economic growth processes is the most recent response to 
the evidence presented in this section.  
 
4. Globalisation and National Research Systems 
 
The context in which a nation’s knowledge production system operates is increasingly 
marked by growing internationalisation of virtually all aspects of productive activity. 
There are clear trends towards increased exports and imports of goods and services 
and increased mobility of production, capital and technology. In addition, regulatory 
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changes embodied in international agreements, such as GATT and WTO, are re-
shaping the interface between national policy and international activities by 
developing new rules for economic action in the international arena.  Globalisation 
trends, and the speed with which they are occurring, are placing increasing 
competitive pressure on individual nations.  
 
A key issue raised by analysts is the impact of internationalisation on the policy 
options open to nations. The debate is between the ‘techno-globalists’ who believe 
that the steadily accelerating forces of international technological and economic 
integration will benefit nations most significantly if left to the free-market - and the 
‘techno-nationalists’ who emphasise real world diversity and the importance of 
domestic policies in promoting national economic growth.  
 
Techno-globalists suggest that even the pursuit of unilateral laissez-faire policies will 
provide greater benefits than interventionism. However, the ideas of techno-globalists 
have been significantly discredited by the arguments of the techno-nationalists. 
Nationalists dispute the naive assumptions of the globalists and point to the diverse 
forms of capitalism throughout the world. Real world complexities, such as the 
different Foreign Direct Investment policies of different countries/firms, have varying 
consequences  (Tonelson 1995). For example, some investment arrangements will 
extend a nation’s science base (eg greenfield investment and a corresponding increase 
in demand for skilled workers), whilst others (eg the take-over of existing distribution 
networks which results in increased use of high-technology replacement imports) may 
reduce demand for skilled workers.  
 
In particular, national policies for science, R&D, training of skilled workers, social 
security arrangements which encourage job mobility and retraining are critical to 
national ability to cope with international trends and maximise competitive advantage. 
 
These analyses suggest that free-market policies may be sub-optimal approaches to 
national economic development in the real world of strategic players. This is 
especially the case in oligopolistic markets where deregulation in one country can be 
undermined by foreign governments that effectively subsidise their industries and 
provide them with strategic advantages. (Marceau et al 1997). 
 
Much recent research suggests that the home state remains important, particularly in 
technological development.  Observers, such as Porter (1990), summarise the view 
taken in this paper which emphasises the importance of local policies in enabling the 
research system to deliver maximum benefits.  As Porter says, 
 
While globalisation of competition might appear to make the nation less 
important, instead it seems to make it more so. With fewer impediments to 
trade to shelter uncompetitive domestic firms and industries, the home nation 
takes on growing significance because it is the source of the skills and 
technology that underpin competitive advantage. (Porter 1990: 19). 
 
Similarly, a recent study indicates that national investment in human capital and 
technology is linked to international trade success in technology-intensive 
manufactures (Daniels 1997). 
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National policies for encouraging R&D by local firms are also important because 
R&D is often done ‘at home’, even by international companies. Thus, for example, a 
recent study by Patel (1995: 141) of patenting in the US by 569 of the world’s largest 
firms revealed that an ‘overwhelming majority’ of the patenting firms commercialised 
their innovations close to their home base. Patel points out that, although 
internationalisation of markets and production may be an escalating trend, most 
technological  development still remains home-based. This research suggests the 
importance of well-designed domestic policies to enhance the attractiveness of the 
‘home-base’. 
 
Similarly, Archibugi and Michie (1995) provide data showing that, although 
multinational firms commercialise technologies in a global context and cooperate 
internationally, they also rely heavily on the home-based research system for the 
generation of technology. They suggest that domestic innovation policy is an 
important determinant of the international competitiveness, despite the globalisation 
trend. 
 
Hence, although many aspects of firms’ strategies are influenced increasingly by a 
global view of their advantage, competitiveness remains to a large extent reliant on 
‘localised concentrations of skilled people and technology’ (Tegart quoted in Marceau 
et al 1997: 5.3). Duysters and Hagedoorn (1996: 10) conclude that ‘research so far 
implies that companies are as yet far from global in terms of the internationalisation 
of their technological activities’. To the extent that firms do globalise their innovation 
activities, location is likely to be determined by technology factors - that is, by ‘secure 
access to scientific and technical human capital’ (Florida 1996: 85). Quoting Yoffie, 
Houghton and Flaherty (1997: 19) argue that in this environment, domestic R&D 
policies remain of vital importance in shaping competitive advantage. This is 
reinforced by Branstetter (1996) who concludes that the social benefits arising from a 
nation’s research system are primarily captured domestically. 
 
Such evidence leads the OECD to emphasise the importance of government support 
of national research systems as an effective response to the globalisation trend. In the 
globalisation context, ‘knowledge is recognised as the driver of productivity and 
growth’ (OECD 1996: 3). 
 
This discussion also indicates that it is not only knowledge per se which is a key 
output of research activity.  Equally important is the capacity for universities to 
maintain and extend their output of highly trained graduates.  Work by Patel and 
Pavitt (1991) has demonstrated that firms value the research skills graduates acquire 
at least as much as the specific knowledge their graduate studies have imparted. Such 
output is clearly ‘useful’ to the nation in the context of accelerating global 
competition and the role of knowledge in building competitive advantage. 
 
5. National Innovation Systems: Links between the Research System 
and Potential Partners 
 
In learning economies, technological development is undertaken within the context of 
a broad system of R&D institutions, together characterised as a national innovation 
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system (NIS). Research has found  innovation does not occur randomly but as the 
result of a patterned system of inter-relationships: 
 
A national innovation system is constituted by a country’s institutions, 
organisations and the resulting inter-relationships which come into play in the 
production, diffusion and use of new and existing economically useful 
knowledge. The NIS approach suggests that innovation is both more frequent 
and better managed, leading to more substantial national competitive 
advantage, when the elements of the broader environment surrounding firms’ 
activities are well articulated into a system of information sharing, than in 
situations where each element works largely in isolation. (Marceau et al 1997: 
3.9). 
 
In order to promote economic development, a country needs to understand the 
configuration of flows of knowledge within its NIS. A range of analytical tools has 
been developed to analyse these flows.  These tools involve investigating flows of 
knowledge along supply ‘chains’, among ‘clusters of firms’ and within ‘complexes of 
economic actors’. The last approach is the most comprehensive, involving the 
analysis of arenas of activity that cross industry boundaries and link four types of 
players: users, producers, public sector R&D and training institutions and government 
regulators. Marceau (1996: 20), citing Glatz and van Tulder (1989) suggests that 
analysts: 
 
...should assess the degree of development and cohesion of the complex by 
examining: the degree of its internationalisation, including the extent to which 
products from the complex are exported and key players are either located 
outside the country of the complex or are controlled by players from abroad; 
the ways in which the actors are linked together by forward and backward 
integration within any given range of demand or field of activity, such as 
energy, medical services or transport; the ways in which all actors are 
embedded in an area regulated by a defined set of state authorities and other 
regional, national and local bodies such as trade unions and Chambers of 
Commerce; and the degree to which the complex is a major site for 
innovation. 
 
Strategies for enhancing economic growth can be informed by examination of 
complexes of activity and by the identification and support of strategically useful 
players or complexes.  
 
Networking has been associated with improved economic performance in the new 
competitive circumstances (BIE 1995; Porter 1990).  ‘Complexes’ are essentially 
networks of players who compete and collaborate with others in their arenas of 
activity.  In Australia many information flows between players remain weak, 
undermining the capacity of complexes to realise their potential. 
 
The research system plays a crucial role in generating and diffusing knowledge within 
the complexes that together make up a nation’s economic system. There are many 
ways in which the research system may interact with other players in specific arenas. 
The research system as a whole primarily contributes to innovation through 
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developing flexible networking relationships that involve the formal and informal 
diffusion of expertise through reports, personnel or advice etc to agents such as firms, 
governments and community groups. More concretely, the research system may 
diffuse knowledge and contribute to innovation through assisting the creation of spin-
off companies and collaborative institutions such as CRCs. 
 
Organisational arrangements designed to promote collaboration between industry and 
universities are typically viewed in the literature as an effective means of promoting 
successful commercialisation of inventions. Although such arrangements are fraught 
with difficulties relating to property rights and differences in management cultures 
(Liyanage and Mitchell 1994; Kingsley et al 1996) there are substantial benefits to be 
reaped. The collaboration  benefits from university-related inputs such as university 
image, student employees and faculty contacts, whilst industry partners are likely to 
provide entrepreneurial skills (Mian 1995). 
 
Some collaborative institutions, however, have also been criticised as being inflexible 
and impermeable (Henderson and Clark 1990).  Benefits are likely to be maximised if 
particular collaborative arrangements are linked into broader networks of related 
activity: 
 
Unless industry research collaborations are linked with strong networking 
arrangements, the impact of such research to develop national competitiveness 
and technological innovations will be marginal (Liyanage 1995: 564). 
 
6. The Research System and Networking Relationships in the 
Australian Context 
 
Although international research into national innovation systems has revealed the 
interactive nature of innovation processes, key players in the Australian system are 
conducting their innovation activities as if the innovation process were a linear 
arrangement - proceeding in a straightforward manner from research to development 
to commercialisation. This is to suggest that some players fail to appreciate the multi-
directional and dense nature of knowledge flows evident in successful innovation 
systems.  
 
It is now clearly recognised that the first linear model of innovation, the ‘science-
push’ model, is not sufficient to see effective commercialisation of inventions, 
particularly when that ‘science-push’, for the large part, does not involve any private 
sector participation. While private sector involvement is clearly needed at the later-
stages of commercialisation activities, it is now evident that such involvement is also 
often essential at earlier stages in the process. For example, ‘many products resulting 
from research cannot be manufactured unless the constraints of particular 
manufacturing processes and machine tool investment have been considered from the 
outset’ (Marceau 1996: 13). 
 
Since knowledge can be effectively diffused in many forms and at any time, linear 
models of the innovation process (including both ‘science-push’ and ‘demand-pull’) 
were superseded in the literature long ago. There is a need for strong links between 
the private and public sectors at all stages in the innovation process. 
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New models have incorporated the feedback processes operating between scientific 
research, technical development and production, the simultaneity of R&D activities, 
the interactive nature of innovation processes and the interdependence among various 
actors in industrial R&D.  Innovation becomes a team effort where all aspects of 
product generation, production and marketing are tackled together. (Riemens 1996: 
24). 
 
In Australia, this team effort encounters serious obstacles. Research suggests ‘that the 
industrial structure of an economy can significantly influence knowledge generation 
and diffusion’ (Marceau et al 1997: 7.41). Australia has an industrial structure which 
is problematic in several regards. First, the fabric of Australian industry is often 
characterised as ‘patchy’ and recent research indicates that there has been a 
continuing ‘hollowing-out’ of the industrial base, measured by the density of input-
output linkages over time (Marceau et al 1997: 7.42). This suggests that networks of 
activity are likely to be missing critical partners, This patchy structure seems to be 
one reason why, for instance, only one third of Australian firms are involved in 
significant cooperative arrangements and of these only 36% have links with firms 
located overseas (BIE 1995).   Hence, players in our research system may have 
difficulty locating firms capable of effectively utilising knowledge outputs.  
 
Second, Australia’s industry structure is less knowledge-intensive than most other 
OECD nations. The contribution of our manufacturing sector to value-added as a 
percentage of GDP is much lower than the OECD average. The contraction of 
Australia’s manufacturing sector is proceeding at a faster rate than any other country 
within the OECD (Marceau et al 1997: 7.41). Within the manufacturing sector, high 
and medium-high R&D intensive sectors are small relative to the configuration of the 
industrial structure of most other OECD nations Australia’s economy contains 
predominantly low-tech industries (DIST 1996: 72). 
 
Third, as a result of this structure  in Australia, most individual firms perform a very 
low level of R&D compared to most other OECD countries (DIST 1996: 10). Further, 
the number of firms that perform any R&D at all is also very small (Industry 
Commission and Tourism 1997).  In 1996 the top two private sector R&D spenders 
alone accounted for approximately 12% of total R&D expenditure in Australia (IR&D 
Board 1996; ABS 8104.0). Although the public sector performs a relatively large 
amount of R&D compared to most other OECD countries, the potential for resulting 
knowledge outputs to provide value to the nation is limited by the lack of interested, 
expert private partners, compared to the potential for more pervasive and robust 
linkages if firms conducted more R&D.  
 
Policies to encourage a broader spectrum of firms to conduct R&D are thus important 
to raise the level of ‘receptor’ expertise. This is because companies who do not have 
an advanced knowledge base cannot absorb the new knowledge emanating from the 
research system as a whole. Teece (1987) points to the need for firms to possess what 
he calls ‘complementary assets’ which include appropriate new manufacturing 
equipment as well as distribution and after-sales service capability as well as the 
knowledge needed to recognise the value of innovations. Many Australian firms lack 
such complementary assets. 
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Similarly, it has been shown that demanding customers are an important source of 
innovation.  If companies in Australia are not undertaking R&D and are simply 
buying technologies ‘off-the-shelf’, they are unlikely to accumulate the tacit 
knowledge which is important in the learning process, nor are they likely to 
encourage innovation  and further knowledge generation in universities through 
demands for high-tech. solutions. 
 
Several further issues are important when it comes to the technology transfer 
question. First, the ownership configuration of Australian industry may influence the 
extent of knowledge absorption by firms and the distribution of benefits. The 
ownership of the large firms that are most likely to have the resources to assist in the 
commercialisation of inventions may be significant. Thirty-one per cent of firms with 
over 500 employees are majority foreign-owned. While there is potential here for the 
research system to tap into international networks,  Australian subsidiaries may not be 
organised in a way which enables them to maximise the benefits of innovations to 
Australia (see eg. Marceau, 1997b, on the biomedical device sector). 
 
Secondly, the size of firms affects capacity to innovate and the potential of the 
research system.  Recent data show that in Australia at least, large firms are typically 
more innovative than are small and medium sized firms. Large firms are likely to be 
relatively resource-rich in terms of their complementary assets - financial capability, 
marketing experience, established international distribution channels, R&D 
experience etc. They therefore have potential to act as key nodes within networks of 
economic activity. Large, resource- and linkage-rich firms have been termed 
‘industrial receptors’ in the literature. The Australian manufacturing sector includes 
very few such firms. These receptors are crucial to the diffusion of knowledge in all 
its forms, but they are particularly relevant to commercialisation processes.  
 
Thirdly, the importance of industrial receptors in the Australian context arises in part 
because Australian venture capital markets are typically viewed as problematic. There 
is general consensus in the literature that Australia has a small venture capital pool 
available for early stage projects (eg Ryan 1992; NIC and Associates 1995; James 
1996). The availability of funds through institutions such as banks, the stock 
exchange, venture capital funds and government authorities is limited. In Australia, 
large firms (employing more than 200 people) constitute only 0.4% of the total 
number of firms (Marceau et al 1997: 7.34). 
 
Players in the research system will therefore have difficulty in interacting with 
industry to promote knowledge diffusion, including finding partners to help 
commercialise inventions and maximise Australian benefits. There may not be any 
domestic firms in the appropriate field; or appropriate firms may be foreign owned. If 
an indigenous firm does exist in the appropriate field, it is unlikely to have skills 
developed through management of a significant in-house R&D program, to have links 
with other local or overseas institutions and to be a large, resource-rich firm. 
 
This can only to some extent be overcome by prioritisation measures undertaken 
within the research system that seek to match Australia’s existing industrial strengths 
or build competencies in strategic areas - there will always be unexpected ‘spin-offs’ 
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in research and the ‘patchy’ nature of Australia’s industrial fabric can not be directly 
affected by the research system. These points indicate the need for the research 
system to develop appropriate international linkages. 
 
Finally, the quality of Australian managers constitutes another problem for 
universities in the effective diffusion of research outputs. Indeed, ‘international 
surveys consistently rate the general quality of Australian management as poor on 
most criteria’ (Marceau et al 1997: 8.20).  
 
This is relevant to universities in terms of the quality of management in firms (where 
firms are potential partners), in technology transfer companies set up by universities, 
and in university research systems and the system’s interconnections with partners in 
business, government and community groups. As the quality of Australian managers 
both drives and reflects the state of a nation’s innovation system, there is scope for 
universities to improve the quality of Australian managers through their training 
function and thus have a positive impact on their own knowledge diffusion initiatives 
and those of the innovation system more generally. 
 
Hence, the research system has restricted access to ‘complementary assets’ in the 
form of a supportive industrial structure and management culture. The research 
system can, to some extent, seek to match the relative strengths of Australian industry 
but it cannot be expected to solve our economic problems. Appropriate industry and 
technology policies are required to provide the research system with the 
complementary assets it needs to contribute effectively. 
 
This section has described some of the obstacles to the participation of the research 
system in team-based approaches to innovation. The discussion has focussed on 
relations with industry. Nevertheless, there are also serious impediments to team-
based research within the research system. These are primarily related to cultural 
barriers, administrative difficulties and incentive structures.  
 
7. Geographical Issues: The Research System and its Neighbours 
 
Given that Australia produces only 2% of the world’s science and engineering papers 
(Bryant et al 1996: 82), Australia’s research system must become more closely linked 
with world-wide knowledge production systems. Such links need to involve both 
public and private players overseas.  This is because the private sector is increasingly 
involved in the production of basic science in many countries (Hicks 1995; Hicks et al 
1995). Links with universities overseas may be a way to create links with overseas 
firms. Linkages  established should seek to gain ‘maximum leverage from the 
knowledge that is produced in Australia and valued internationally’ (Marceau 1996: 
13). 
 
Australian scientists in PSR institutions and universities need to undertake sufficient 
basic research to maintain knowledge products which can be used in international 
bargaining to ensure the flow of tacit knowledge through collaborations and other 
exchanges (Marceau 1996: 18). Research suggests that: 
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‘[s]trategic alliances are often necessary because of the impenetrable nature of 
international testing, production, distribution and marketing linkages...which 
can constitute a barrier to entry... (Manley 1994: 43). 
 
Manley goes on to point to the importance of the negotiating power of Australian 
players when entering such alliances. This power depends on good science and a 
demonstrably strong knowledge base.  
 
Recent research shows the importance in many cases of geographical proximity in 
developing connections between firms and the public research system. Domestic 
research activity both provides benefits in international negotiations and provides a 
sound base for local economic development. Recent work, for instance, suggests that 
firms rely on knowledge generated in universities located near them (Mansfield and 
Lee 1996).  Mansfield and Lee investigated the factors influencing industry funding 
of research and found that ‘distance matters’. Industry is more likely to fund research 
in universities located in the same region: 
 
While economists and others sometimes assume that new knowledge is a public good 
that quickly and cheaply becomes available to all, this is far from true. According to 
executives in our sample, firms located in the nation and area where academic 
research occurs are significantly more likely to have an opportunity to be among the 
first to apply the findings of this research. (Mansfield and Lee 1996: 1058). 
 
Indeed, Porter’s (1990) examination of business networks similarly found that 
proximity between economic players was an important determinant of economic 
success. These findings, and the evidence presented in the Globalisation section of 
this report, suggest that competitive advantage is bestowed by maintaining local 
knowledge bases. 
 
8. The Research System and the Role of Basic Research 
 
In the context of increasing pressures in Australia for research to become more 
strategic in focus, it is noteworthy that the literature views continued vigorous support 
for basic research as an essential component of on-going economic growth (Rothwell 
and Zegveld 1985; Gibbons et al 1994). 
 
Recent studies have shown that ‘the universities cited by firms as having contributed 
most significantly to their product and process development tend to be the leading 
generators of new fundamental knowledge’ (Mansfield and Lee 1996: 1057).  This 
finding highlights the value of basic research to economic growth. 
 
The extent of this dependence varies by industrial sector. Senker and Faulkner (1994), 
for example, found that in the area of advanced engineering ceramics, industry has 
required assistance with both theory and practice from universities; whilst in the area 
of new materials technologies, industry players have commented on the lack of depth 
in the science base of universities as impeding development. These authors also 
demonstrate that university research knowledge was essential in helping firms 
develop technologies such as parallel processing and biotechnology (Marceau et al 
1997: 4.3). 
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Finally, the OECD’s position on basic research is worth quoting at length (reported in 
Marceau 1996: 22): 
 
...every country must maintain a broad research base in order to ensure an 
adequate level of expertise over a large enough part of the scientific and 
technological spectrum, including the social and human sciences’. [It] would 
be particularly dangerous if the fascination with a few common areas that 
appear to offer more obvious economic promise were to mask other [areas of] 
scientific and technical progress whose benefits could be extremely important. 
 
The international literature thus suggests that the strengthening of basic research is 
likely to be in a country’s economic interests. Further, our attention is drawn to the 
perils of narrowly interpreting the role of basic research as less relevant to economic 
growth than strategic research. The interpretation of strategic research as 
economically relevant knowledge, and basic research as not, can be misleading. Basic 
research is seen to play an important role in the ‘regeneration of firms’ activities’ 
(Marceau 1996: 13). 
 
9. The Future of Universities and the New Production of Knowledge 
 
This section draws on Marceau (1997) which discusses the insights contained in an 
important book by a group of science policy experts (Gibbons et al 1994). This book, 
The New Production of Knowledge, reveals evidence suggesting that modern western 
economies are experiencing a radical transformation in both the ways in which, and 
the location in which, the production of new knowledge is carried out. 
 
The traditional mode of knowledge creation, Mode I, is generated within a 
disciplinary, primarily cognitive context inside universities. Mode 2 knowledge 
creation is broader, inter-disciplinary, conducted in a range of social and economic 
contexts, and includes a wider and more heterogeneous range of players linked into 
issue-focussed teams. The Mode 1 system is stable, whist the Mode 2 system involves 
transient forms. Mode 1 research is inquiry led, whist Mode 2 research is considered 
to be useful to someone from the outset. In Mode 2, there are more players on both 
the demand and supply side. The Mode 2 system is more likely to involve experts in 
the social sciences and is more likely to respond to demands from community groups, 
as well as more traditional economic players. Mode 2 is more socially embedded.  
 
Gibbons and his colleagues suggest that we are witnessing the rise of Mode 2 systems 
and that this challenges formal institutions’ control of both agendas and research 
personnel. Ironically, the formal Mode 1 system has trained such large numbers of 
research scientists with specialist skills that it is no longer able to absorb them and 
they have become dispersed to sites other than traditional universities - such as the 
more pragmatic universities, business, government departments and independent 
research laboratories. As a result, there is an increased range of sites at which 
competent research can be conducted.  
 
Researchers outside the Mode 1 system are now publishing at an increasing rate in 
fields that were once the exclusive domain of traditional universities. As mentioned 
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above, in many countries, firms are performing more basic research and extending 
their involvement in collaborative arrangements. The value of basic research within 
the ‘new production of knowledge’ is highlighted by the Gibbons’ team who conclude 
that basic research will remain primarily the domain of universities.  
 
The success to date of Mode 2 has depended on extensive networking activity and this 
has been assisted by the extraordinary developments in information and 
communication technologies. The outcome is a web whose nodes are now strung out 
across the globe and whose connectivity grows daily. The knowledge produced 
rapidly escapes the initial network of creators. 
 
Gibbons and his colleagues suggest that the two Modes will operate side-by-side. The 
new system will involve different clients and altered funding possibilities. New forms 
of interaction, new opportunities and major organisational changes will be generated.  
 
The way in which the new system of knowledge production develops in Australia will 
be determined by the operation of our national innovation system. As described 
earlier, Australia has a solid basic research base provided by the public sector. 
However our NIS contains many limitations on the connectivity of the system, with 
few suitable private sector partners available to link with universities. 
 
10. Part A Conclusions 
 
Overall, this part of the report has demonstrated the potential contribution of the 
research system to Australia’s learning economy and noted some specific difficulties 
we face in this regard. The research system has the potential to be a central node in 
extensive knowledge networks which could be developed as an effective response to 
globalisation pressures. The research system can play an essential role in the 
development of competitive advantage in an environment where the benefits of 
unilateral laissez-faire policies have been discredited. This contribution can be 
through the processes of relatively informal knowledge diffusion, or through 
processes more concretely related to innovation activity. The benefits resulting from 
research system linkages will be maximised if overseas partners play a significant 
role. 
 
It remains for public policy to advance and safeguard the integrity of the research 
system, particularly in relation to supporting a robust basic research competence and 
assisting with the building of inter-linkages with private partners. In this connection, 
public policy attention to Australia’s industrial structure and management culture will 
help maximise the national benefits derived from the research system. 
 
As the (OECD 1997: 4) notes: 
 
If economic performance is to improve, additional structural reform, which 
can increase innovation and the diffusion of technologies within and among 
national economies, seems necessary. 
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Part B: Improving the Performance of the Australian Research  
  System - Some Options 
 
The first three sections of Part A stressed the importance of the international shift to 
learning economies , the impact of globalisation, and the role of the research system 
in economic growth. The concept of a national system of innovation was also 
introduced - the broad system of R&D institutions whose inter-relationships are 
crucial to the successful operation of the system as a whole. 
 
Part B now reviews the role of the research system within Australia’s national system 
of innovation.  Modern nations have recognised the importance of a systems approach 
to understanding innovation: it recognises that there are a number of players, that their 
interactions are important, and that the actions of one player will affect others.  
Innovation systems work best when there are substantial and ongoing communication 
and knowledge flows between the players (Marceau et al 1997: 3.9).   
 
The key players in Australia’s innovation system are the government, the research 
system, and industry - the so-called ‘triple helix’ (Etzkowitz and Leydesdorff 1997), 
coupled with the community as users of basic research. Australia, however, rarely 
recognises the interrelatedness of the institutions which comprise our own system.  
Governments, industry groups, and even the research players, tend to act as 
independent units and make decisions, based on short-term individual interests.  They 
disregard flow-on effects which affect our ability to innovate, to compete globally, 
and to develop a competitive industrial structure in the long term. 
 
This Part, then, outlines the players in our nation innovation system, and the explains 
the central role of universities.  Issues raised in Part A - the role of basic research, 
linkages and networking, and geography - are highlighted because of their impact on 
knowledge flows between the system components. The conclusions point to some 
actions that can be taken by universities and government to effectively contribute 
towards the wealth of the nation. 
 
11.  Australia’s National Innovation System  
 
Australia’s national innovation system is heavily weighted towards government 
involvement.  Government acts as researcher  and implementer (eg CSIRO, ANSTO, 
AIMS, DSTO plus other government agencies with quasi-research functions, 
Austrade etc); and as funder (eg ARC, R&D corporations and other granting bodies).  
Other research institutions (eg universities, hospitals, State agencies) also rely heavily 
on government funding, while Australian industry and other users (companies, some 
industry associations such as AMIRA community groups) have played a minor role.  
The impact on companies of the 150% R&D tax concession has been significant but 
Australia is still only middle-ranking in industry R&D when compared to other 
OECD countries (Department of Industry Science & Technology 1994). 
 
The Commonwealth government provides the main funding support for the R&D 
system.  Funding flows are outlined in Fig 1, while Table 1 shows Commonwealth 
support for ‘major programs of science and innovation’. 
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Fig 1: Flow of Commonwealth funding support for R&D, derived from McGauran
(1997).
 
 
Program 1997/98 funding 
($m, est) 
Targeted higher education R&D (incl ARC program $285m) 427.0 
Other higher education R&D (general university funds) 1182.4 
CRCs 146.2 
industry R&D incentives (IR&D Board, START, Innovation Investment Fund) 486.9 
Rural R&D (R&D corporations) 145.4 
NH&MRC 156.4 
Other health R&D 19.4 
Other R&D grants (incl Aust Biological Resources Study, Greenhouse R&D, 
Energy R&D, Aust Road Research Board) 
16.8 
CSIRO (appropriation funds only)  472.9 
DSTO 237.8 
Other R&D 259.3 
TOTAL 3551 
 
Table 1: Commonwealth funding for innovation programs, 1997/98.   Source: 
McGauran (1997) and ARC (1997) 
 
The reasons for the strong Federal Government role stem from not only the whims 
and fashions of government policies over the decades, but also the Anglo-Saxon 
heritage of ‘how things ought to be’ and Australia’s reliance on the UK early in its 
development.  It is also influenced by the industry and community players that 
participate, and by Australia’s participation in the international arena.  
 
Despite heavy Government involvement Australia’s innovation system, like that of 
many other capitalist countries, has neither a unified set of incentives nor a single 
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guiding hand to determine its direction, to plan for change or to promote 
technological development. The Commonwealth expenditure identified in Table 1 is 
spread across no less than 7 portfolios: Employment and Education (DEETYA: ARC, 
higher education funding), Industry, Science and Tourism (industry R&D incentives, 
CSIRO, ANSTO, AIMS); Primary Industries and Energy (greenhouse, energy, rural 
R&D corporations), Defence (DSTO), Transport and Regional Development (roads), 
Environment (ABRS) and Health (NH&MRC).   
 
Not only is the effort itself fragmented, but the practicalities of the Ministerial 
portfolio system mean that each Federal and State Government department fights for 
its own resources and decides its own priorities.  There has been no co-ordination of 
science policy at the Federal level since the Office of the Chief Scientist was moved 
from the Prime Minister’s department to DIST after the last election. 
 
Several attempts in the past to address national priority-setting or resource allocation 
(eg ASTEC 1990; ASTEC 1991; ASTEC 1996) have failed to be translated into 
action at the Government level.  This means that there may be considerable overlap 
(but also complementarities) in both the fields and stages of research undertaken in 
the various institutions.  Despite this lack of co-ordination, there have also been some 
major policy changes which have affected the flow of funding to the main players. 
 
Firstly, the Unified National System (UNS) was introduced in the late 1980s, 
resulting in the merger of 17 universities, 54 colleges of advanced education and 5 
institutes of technology into 37 multi-campus universities (Turpin et al 1996b).  This 
produced considerable upheaval and also resulted in a net reduction of funding per 
student (Turpin et al 1996b). Over the same period, core research funding for 
Australia’s universities also shifted from a system where funding was implicit to one 
where funding is performance based, with separate teaching and research components 
of the operating grants (ARC 1997).  
 
The second major institutional change was wrought in the early 1990s by 
establishment of over 60 Co-operative Research Centres.  These bring together 
Government-funded research providers (mostly universities and CSIRO) and research 
users - primarily Australian industry - in focussed research programs.  CRCs were 
established for three reasons: maintenance and development of research infrastructure 
and critical mass, maintenance of capabilities in basic R&D, and stimulation of 
education and training (Department of Prime Minister and Cabinet 1992).  Most 
CRCs are unincorporated joint ventures so there is little external change to 
institutional structures.  The effect on communication and research management has, 
however, been considerable, as institutions manage research program across greater 
geographic distances and the formal links between research groups and education 
have increased. (Cribb 1994; Pitman 1994). 
 
Finally, CSIRO has gone through a series of changes resulting from both new 
Government policies aimed at increasing external funding and its own attempts to 
improve research management and increase links with external users.  The latest of 
these was a major restructuring announced in 1995, whereby it abolished its Institutes 
(which were based on research disciplines as well as industry client groups). R&D 
activities are now grouped by industry ‘alliances’ and ‘sectors’, while administration 
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remains in a Divisional structure (CSIRO 1997).  This has the effect of creating more 
Mode 2 type research, where groups are formed to address specific research problems 
and are dismantled on completion of the project or program.  While this helps to focus 
the Organisation on industry requirements, it also creates additional complexities in 
managing research, particularly when CSIRO’s heavy commitment to CRCs is taken 
into account. 
 
12.  Importance of Basic Research to the National Innovation System, 
and the Role of Universities 
 
Basic research remains an essential element of the innovation system and must be 
supported within the complex system of funding on which Australia chooses to rely. 
 
In line with international practice, ABS collections of R&D data divide research into 
the following categories: basic (experimental and theoretical work undertaken 
primarily to acquire new knowledge, without a specific application in view); applied 
(original work undertaken primarily to acquire new knowledge, with a specific 
application in view); and experimental development (systematic work using existing 
knowledge gained from research or practical experience for the purpose of creating 
new or improved products or processes)(ABS 1994b).   
 
In reality, the distinction is becoming blurred, as a result of changes in the knowledge 
production system and in research fields themselves.   
 
Research projects today will often have at least two, and sometimes all three, of the 
elements described above. In practice, the basic research investment in many fields 
(particularly the sciences) extends beyond advancement of knowledge and will also 
contribute to economic development.   
 
As was noted in Section 8, the strong links between basic research and economic 
growth have already been documented.  A recent Australian study (Turpin et al 
1996b:  xiv) confirmed that these linkages also apply to the Australian national 
innovation system: 
 
Basic research performs an important role in supporting a wide range of 
Australian social and economic activities.  Nearly 70% of the 594 Australian 
enterprises responding to our industry survey relied considerably on basic 
research…these findings were unambiguous. 
 
Basic research is crucial as a precursor to applied research for industry, and is a 
significant input to community sectors eg in the social and natural sciences.  Table 2 
shows how basic research fits into the national innovation system in Australia as a 
whole.    
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Function Characteristics Typical performers Drivers 
Basic research curiosity-led, includes pure 
science 
universities, large 
companies, CSIRO, some 
R&D corporations and 
CRCs, national facilities 
curiosity, career 
requirements, long 
term technological 
opportunities 
Applied 
research 
generates new knowledge 
with a practical aim; 
includes know-how 
generation 
universities, CRCs, ANSTO, 
AIMS, DSTO, State 
governments, some corporate 
R&D labs, AGSO, R&D 
corporations, hospitals 
academic and 
industrial career 
requirements, 
medium-long term 
technological 
opportunities 
Experimental 
Development 
demonstration of technical 
viability of a class of 
product and elimination of 
uncertainties 
corporate R&D, CSIRO, 
DSTO, CRCs, hospitals etc 
need to eliminate 
uncertainties from 
design engineering 
Design 
Engineering 
translation of known and 
demonstrated principles to 
new products/models 
corporate R&D including 
new technology-based firms, 
CSIRO etc 
develop products for 
market 
Standards and 
Certification 
codification into standards makers and users of 
technology, 
State/national/intnl gov’t 
agencies  incl CSIRO 
(National Measurement 
Laboratory, AAHL),  
safety, suppliers wish 
to dominate market, 
users seeking 
stability, quality 
Diffusion, 
Adoption and 
Adaptation 
purchase and use including 
incremental innovation 
companies, community, 
government as user 
pressure to use 
adequate or best 
practice technologies 
  
Table 2: Functions Performed in the Innovation System, and Australian Players, 
derived from Arnold, 1996, p12.  The order of the elements is not  meant to imply a 
linear system of innovation. 
 
Universities in Australia conduct the majority of basic research.  They account for 
78% of all expenditure on basic research, and 39% of all expenditure on strategic 
basic research as a proportion of higher education R&D expenditure (ARC 1997).  
The amount of basic research in each field of research varies from 41% in engineering 
to 91% for humanities (Turpin et al 1996a).  Thus, basic research is an important 
component of all fields.  Cross correlation of this data with socio-economic objectives 
also shows that all contribute directly to economic development or national welfare, 
thus demonstrating the importance of linkages between universities and other parts of 
the innovation system.  
 
13.  Universities as Central Players in the Research System 
 
Input and output measures can help assess the role of Australian universities in the 
innovation system: input measures include funding, education and training, and 
infrastructure; research papers and the numbers and uptake graduates provide useful 
output measures.  These measures confirm the central role of universities in the 
research system.  In some cases they also point to problems at a systems level in 
Australia - these issues are discussed in context.  
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Universities receive almost 45% of Commonwealth support for major programs of 
science and innovation, with a further 4% of CRC funding delivered partly through 
this route (McGauran 1997).  One quarter of national research expenditure from all 
sources also flows through universities (ARC 1997).  
 
The ARC is the largest provider of grant support for universities, providing 50% of 
national competitive grants (ARC 1997).  The Large Grants Scheme dominates ARC 
programs with $94m of the $285m provided in 1996, and is the main source of 
project-based research in universities, although both the Small Grants Scheme and the 
Special Research Centre grants also support knowledge-based research.   
 
The latest figures available for Commonwealth research expenditure disaggregated by 
institutions cover 1990-91, and are shown in Table 3.  These figures show that 
universities are responsible for more than 50% of research expenditure in 6 of 11 
‘fields of research’: mathematical sciences, physical sciences, chemical sciences, 
engineering, medical and health sciences and social sciences.  CSIRO has no 
particular strength, but spreads itself evenly across all sectors except medical and 
health science. The States dominate in rural sciences while the high level of effort in 
applied S&T by other agencies probably reflects funding to ANSTO and other 
specialised research groups.  
 
 Percent (%) R&D Expenditure by Sector 1990-91 as 
proportion of all Commonwealth R&D expenditure in that 
field 
 
Field of Research Universities CSIRO Other 
Commonwealth 
States 
Mathematical Science 75.8 16.5 6 1.6 
Physical sciences 57.3 32.4 9.2 1 
Chemical sciences 58.9 30.0 7.8 2.9 
Earth sciences 28.5 23.8 37.2 10.5 
Information, computers and 
Communication Technology 
43.4 32.3 5.2 17.8 
Applied S&T 11.4 29.3 57.3 1.8 
Engineering 53.4 23.7 8.7 13.7 
Biological Sciences 49.2 24.2 8.3 14.6 
Rural Sciences 14.0 21.7 1.7 62.5 
Medical and Health Sciences 60.9 3.7 3.5 20.5 
Social sciences 82.7 1.1 9.4 5.4 
Total Field of Research 43.9 18.6 15.3 19.9 
 
Table 3: R&D in non-business sectors by field of research, 1990/91, derived from 
Department of Industry Science & Technology 1994 
 
The funding identified above flows through several sources: ARC and higher 
education grants (general university funds) flow through DEETYA, but medical-
related funding flows via NH&MRC (Health), while CRC funding comes through 
DIST.  Grants are an important source of funds for universities.  Overall, grants 
accounted for 41% of university research funding in 1993, more than double the 
proportion obtained in 1987 (Turpin et al 1996b).   
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The complexities of funding sources create difficulties in budgeting, in management, 
and in seeking government consideration of funding issues.  They also mean that any 
government consideration of the higher education sector is fragmented, and likely to 
be subject to differing portfolio pressures and priorities.   
 
The specialised role of the ARC in relation to universities also creates fragmentation, 
as the ARC can only provide funding for less than half the research system.  The 
activities of CSIRO, ANSTO, AIMS and a host of other quasi-research agencies 
(Bureau of Meteorology, Antarctic Division, AGSO) are barred to the ARC, which 
can only look at the balance within the universities when deciding on its research 
priorities.  This is not to suggest that ARC funds should go to these groups - the ARC 
budget is already over-stretched.  It is merely providing further evidence of 
fragmentation and the inability of funding agencies to look at the big picture. 
 
Universities are also central to the research system because they are responsible for 
tertiary training, the input measure for which is the number of students.  A proportion 
of the funding that universities receive is linked to their student enrolments, so the 
research system and the training component are interdependent. 
 
Australia has a high rate of university enrolments (19% of all people aged 18-21) 
compared to the OECD average of 14% (BIE 1996).  The distribution by discipline 
varies, however, when compared to most OECD countries: only 18.5% of Australians 
graduate in science or engineering, compared to the OECD average of 23%.  The 
difference is because there are very low proportions students graduating with 
engineering degrees in Australia (BIE 1996), and is probably a reflection of our low-
tech industrial structure (Marceau et al 1997).   
 
The number of postgraduate research students in Australia has also risen rapidly over 
the last 30 years, and is the main contributor to the rise in the number of engineers 
and scientists in R&D in Australia as a whole (BIE 1996).  The main support for 
postgraduate study comes through Australian Postgraduate Awards, which are either 
university- or industry-supported.  The 4,214 ARC-funded APA’s awarded in 1995 
were concentrated in social sciences and humanities (44%).  In contrast, 45% of the 
358 industry APA’s (APAI) went to engineering, applied science and technology and 
agriculture (ARC 1997). 
 
Currently, awards are allocated to institutions on the basis of  their research training 
environment, a process which includes weighting for research income and 
publications.  This has created difficulties for newer, smaller institutions,  which also 
report a smaller percentage of research income when compared to their higher degree 
research load (ARC 1997). These universities need to be able to offer postgraduate 
awards in order to build up their general standing and to attract experienced 
researchers.  This will then flow through to their research income and publications.  
The present system ensures that the younger players will remain the poorer cousins. 
 
Infrastructure is the last important input measure. The total amount Australia has been 
spending on research infrastructure has been rising steadily over the last 30 years, but 
this increase is offset by shorter life spans for much equipment (notably computer 
hardware). Australia still lags behind overseas counterparts in infrastructure spending.  
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Our aggregated investment in research infrastructure is 12.6% of total R&D 
expenditure, well below the OECD average of 15.2% (BIE 1996). The comparatively 
low investment is explained by Australia’s lack of large facilities compared to Europe 
and the US, and also our relative lack of research on capital intensive areas eg 
aeronautics, space and nuclear power. 
 
Of the total amount Australia spent on S&T fixed assets in 1992/93, 56% of 
expenditure was in higher education institutions, the remainder being spent in 
government agencies. On a per worker basis, however, universities appear less well 
off: they received only 70% of the amount per worker than Government agencies.  
This is an important issue - if universities are going to remain at the forefront of basic 
research, their infrastructure spending needs to keep pace. 
 
Output measures such as research publications and numbers of graduates also 
demonstrate the crucial role of universities.  
 
Australian universities produced over 65% of all Australian research papers between 
1981 and 1994, compared to 26% for government research agencies (including 
CSIRO) and 2% from Australian industry (Madden 1996)   The proportion of the 
output attributed to universities in line with that experienced in the UK  (Madden 
1996).   
 
The picture with regard to graduates is more complex.  While most of Australia’s 
science and engineering graduates obtain jobs in the workforce, relatively few work in 
R&D.  The rate of employment in R&D is 50 per 10000 people in the labour force, 
whereas the US and Japan have 76 and 75 research scientists and engineers (RSEs) 
per 10000 people in the labour force (BIE 1996: 72).  In addition, only 30% of 
Australian RSEs work in industry, again less than the OECD average of 44%.  Of 
those in industry, only 56% work in manufacturing (cf OECD rates of 84%), while a 
high proportion work in marketing or finance. 
 
There are similar difficulties when PhD awardees are tracked after they graduate: 
there appears to be a structural problem regarding their eventual employment.  A 
survey of PhDs (across all disciplines) two years after graduating found that 
approximately half of them were employed in the higher education sector in Australia, 
18% were in government and 19% in business/industry (Bazeley et al 1996).  There 
are two issues here.  Firstly, it is difficult to obtain employment and/or a career in the 
higher education sector.  30% of surveyed graduates were working in a field different 
to their PhD research, and many who had gained academic experience by tutoring 
during their PhD studies found themselves displaced by other postgraduate students.  
This means that the skills that have been developed, and often paid for by government 
grants and awards, are not being used to the greatest advantage. 
 
The second problem is the poor uptake of PhD-qualified personnel by industry.  The 
problem lies not with the quality of the graduates, but with the ability of Australian 
industry to use them. Research-qualified staff are essential for firms operating in a 
knowledge-based economy because of the rate of change being experienced: 
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…  the speed-up of the rate of change imposed by growing international 
competition and new technological opportunities…  give incentives to firms to 
hire personnel with a high learning capability (Lundvall 1996:13). 
 
Australian industry must become stronger users of basic research and they must shift 
to technology-based outputs.  This shift can only be achieved if high levels of funding 
for education, research infrastructure and training are maintained, and if the 
postgraduates trained within this system are able to either achieve good academic 
careers or can move into industry positions where their skills are recognised and 
utilised.  Some options for encouraging industry to take up graduate and postgraduate 
staff are canvassed in Section 14. 
 
14.  Linkages and Networks: what universities and government can 
do to support the innovation system 
 
Communication is a vital component of a functioning innovation system.  As key 
players in the Australian system, universities must maximise their linkages to the 
other organisations, both formally and informally.  This includes domestic and 
international links to other universities, to industry, to the community and to 
government itself.  Governments also have a role to play in setting policies which 
support the smooth functioning of the network. 
 
Section 6 of this paper discussed the general issue of networking relationships. It 
highlighted difficulties of interaction between universities and potential partners: 
Australia’s patchy industrial structure, low research propensity, small size and poor 
management of many Australian businesses, and difficulties in funding interactions.  
While these are significant issues, there are examples of good interaction, and 
universities themselves can do much to improve the linkages and communication 
flows. 
 
Australia’s industrial structure means that partners may be hard to find.  They are also 
hard to find because there appears to be a major mismatch between the type of R&D 
favoured by industry (engineering and software), and the type in which universities 
excel (natural sciences, medical science) (BIE 1996).   
 
This mismatch may partly explain why formal external sources of R&D are used by 
less than 25% of innovative firms, and only 14% of manufacturing exporters rate 
Australian universities as important or critical sources of ideas for innovation 
(McKinsey & Co. 1994, in a survey covering the period 1991-94).  As a result, 
Australian industry funds only 2.5 - 4% of higher education research (NBEET 1993; 
ABS 1994a) and, overall, funds only 2.2% of all public sector R&D.  This is well 
below the OECD average of 5.7% (BIE 1996).  
 
There is some evidence, however, that links are improving.  Joint industry-research 
sector authorship of academic papers has been growing exponentially since 1981 but 
the scale is small and only 18 companies account for over half the papers (Madden 
1996). Universities are involved in 53% of joint papers with industry; but even so the 
rate is only about one quarter of what would be considered best practice.  Most joint 
papers reflect the ‘low tech’ nature of Australian industry, in that they relate to 
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resource production and simply transformed manufactures.  Big is beautiful: large 
companies such as BHP and CSL provide funds (Madden 1996) to large universities 
(NBEET 1993). 
 
Big companies are important, however - the top four companies in the 1997 
Scoreboard survey (Telstra, BHP, GMH and CSR) performed as much R&D as all of 
CSIRO (IR&D Board 1997).  Links with these types of companies can lead 
universities to develop basic research expertise in new fields. Australia’s offshore oil 
and gas industry, for example, required new applied engineering skills to design oil 
rig foundations that were stable in chalky under-sea soils.  This has resulted in the 
development of a world class capability in this field at the University of Western 
Australia, culminating in the establishment there of an internationally recognised 
special research centre (Male 1997).  Researchers from this centre now work closely 
with specialised high tech Australian companies in servicing the needs of the industry 
Australia-wide and overseas. 
 
General linkages between universities and the community are also crucial.  
Community groups access basic research in the sciences (so-called ‘public good’ 
research) as well as outputs from the humanities and social sciences.  They 
commission targeted research and consumer associations have an important role to 
play in community acceptance of new products and new ways of doing business (eg 
internet banking)  (IPAC 1997). 
 
Government policies aimed at developing and fostering linkages have been many and 
varied.  These types of policy interventions have escalated world-wide since the 
1980’s, as governments began to understand the triple helix linkages, and as the 
feedback loops in innovation models became more apparent (Arnold et al. 1996). 
Policies aimed at increasing general linkages between the research sector and business 
can usually be classified into collaborative R&D programs or financial matching 
programs (Arnold et al. 1996).  Australia’s examples of the former include IR&D 
grants, the Teaching Company Scheme (copied from the UK in 1984/85 and now part 
of the R&D START program), and the new Strategic Partnerships with Industry 
Research and Training Scheme (McGauran 1997).  Matching programs are used less 
frequently in Australia, the main example being Co-operative Research Centres.  
 
The challenge for universities lies in using existing Government policies and 
programs effectively, in promoting new policies which will support linkages, and in 
developing their own policies and skills.  These will help universities become an 
important source of ideas and innovation for more and smaller Australian firms, while 
maintaining important relationships with the community and large firms.  These 
targets can be achieved in several ways. 
 
Firstly, government programs which support links between universities and industry 
are important.  Universities can use these programs much more effectively eg the 
National Teaching Company Scheme (TCS) TCS funds companies to employ 
graduates to help them absorb new technology and produce new products or processes 
(BIE 1991).  It fosters long term working relationships between the research system 
and industry, builds complementary and cospecialised skills within companies and 
has the potential to increase the number of R&D-performing companies in Australia.   
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Use of TCS by universities has been relatively low, because universities see no short 
term gain in return for their participation: no funds flow for research and time is 
needed to supervise the graduate.  Universities should, however, see TCS as the first 
step in creating a relationship with a company, which may lead to substantial long 
term benefits eg joint proposals for collaborative research under the CRC or IR&D 
schemes.  The latter assisted 10% of Australia’s R&D-performing companies from 
1986-1993 (Industry Commission 1994).  
 
AusIndustry also runs the Business Network Program (BNP) which in only three 
years has involved 1000 companies in over 250 networks aimed at improving 
marketing, strategic management and exports (AusIndustry 1997).  Yet only 1 
university is involved in any AusIndustry Business Network, despite there being 
ample room for university participation within existing guidelines (Rankin 1997).  If 
BNP remains beyond its present closing date of June 1998, others need to see how it 
can be used to support communication between universities and industry, as well as 
technology transfer and local cluster development. 
 
For their part, governments must ensure the continuation of programs which help 
maintain the network contacts and flow of information between the players in the 
system.  Initiatives might include sponsorship of conferences, seminars and network 
development, maintenance of existing programs like TCS and BNP, and partnership 
programs.  
 
Secondly, the number of potential industry partners needs to rise.  Less than 3000 
companies in Australia report R&D activities (IR&D Board 1996) so universities 
encourage firms to conduct R&D when they have not done so previously.  Use of 
TCS will also achieve this but other mechanisms, such as staff secondment, need to be 
considered.  A more important avenue is the creation of PhDs and graduates in areas 
that industry needs, both now and in the future.   
 
Universities can also find these new partners creatively.  Universities which are 
already involved in industry projects state that long term, collaborative research had 
the greatest ongoing mutual benefit for both the university and its students (NBEET 
1993).  CSIRO has been constructing teams of small companies to fund larger, pre-
competitive projects for some years (eg see examples of stored grain research and 
cattle breeding in CSIRO 1994).  Such consortia can also enable suppliers in 
manufacturing sectors to become more technologically aware (McKinsey & Co. 
1993).  They have also been used successfully for many years in the minerals industry 
through AMIRA-sponsored projects. 
 
Universities are ideally placed to broker such research groups, as the basic research in 
which they are strong is unlikely to be subject to commercial sensitivities which 
would make collaboration difficult.  Industry associations, particularly those in high 
tech areas, could also be targets, as small, high tech companies often have difficulty 
accessing university resources (Industry Commission 1996).  New partners will also 
be needed to boost external funding if the Government accepts the recommendations 
on external funding targets contained in the Mortimer report (Mortimer 1997: 303).  
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Government policies for the research sector must also take of account of the shift 
from mode 1 to mode 2 and must be tailored to new industrial structures and the needs 
of the knowledge intensive economy.  This is includes developing policies for 
knowledge intensive goods and services, recognising that the basic research which is 
conducted in academic institutions is as vital to the well-being of a knowledge 
economy as the applied research conducted in these institutions and elsewhere and 
using purchasing power to develop domestic knowledge-intensive industries 
(Marceau 1997). 
 
Thirdly, Australia needs to build indigenous technology-based firms in order to 
reduce our reliance of overseas-owned and imported technology.  Universities can 
assist by creation of new spin-off companies by academics.  Secondments and 
spinoffs help ameliorate the lack of cospecialised skills in Australian industry 
(McKinsey & Co. 1993) and help transfer information between organisations 
(Welbourn et al 1994; Turpin et al 1996a).  
 
CSIRO’s spinoffs have been successful, although they remain relatively rare when 
compared to the frequency of licensing to established companies (Thorburn 1997b).  
Current research is indicating that, at least in biotechnology, university spinoffs 
contribute over 40% of the total Australian population of small to medium enterprises 
operating in this high tech field (Thorburn 1997a).   
 
Universities need to develop clear policies regarding equity in spinoffs, consider 
whether royalty flow is the best option for managing IP transfer, and work out how to 
provide informal support for such companies. They also need to address management 
of the process, funding issues and human resource policies to assist staff to take the 
risk.  
 
The Government’s role in creation of high tech companies lies in developing policies 
which will support risk taking by individuals (through portability of superannuation, 
for example), provision of venture capital to high tech startups (eg through the new 
Industry Innovation Fund) and maintenance of other support programs for new 
companies.  Governments and industry also need to understand the best way to deliver 
services and training to this group, as existing delivery mechanisms may not be 
optimal for entrepreneurs who may be highly educated but have poor business skills. 
 
These policies must be supported by an increasing commitment by Government to 
training, to ensure that research institutions can continue to provide top-level 
education in the areas where it will be most beneficial to Australia, and can produce 
more academics to take the place of those that leave to join the commercial sector. 
 
Fourthly, the barriers faced by smaller, newer universities when seeking links with 
industry need to be removed.  These include the lack of facilities for research that is 
relevant to industry and difficulties faced by location of these institutions in regional 
cewntres, which may have a limited range of industries in the immediate vicinity 
NBEET (1993). 
 
Governments can play a role here too, particularly in regions where universities 
provide the only research focal point.  Regional development policy is important, as is 
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telecommunications and support for new enterprises.  These universities must also 
have sufficient access to research scholarships if they are to play a significant role. 
 
Finally, there needs to be better data on university-business linkages in Australia.  It is 
already known that the data available on such linkages under-estimates the degree of 
informal contact (NBEET 1993; BIE 1996).  Informal links are important in 
information-gathering by businesses (Welbourn et al 1994: 25), and presumably for 
the community: 
 
One of the major advantages of informal channels is the flexibility which 
personal communication offers in allowing refinement and redefinition of 
questions and adaptation of answers to the level of the inquirer’s interest and 
understanding. 
 
The potential scale of the unmeasured informal links is indicated by a CSIRO study of 
3 of its manufacturing Divisions, which found that small companies, in particular, 
benefited from informal approaches to scientists, who gave them technical advice and 
referred them to other expert sources (CSIRO 1995).  There do not appear to be any 
similar data for universities’ informal contacts.  Such data would enable universities 
to assess the true nature of their linkages to industry and the community, and could be 
used to present a more persuasive case to government on their role in economic 
development. 
 
15. Geography and Linkages Between System Elements 
 
As noted in Section 7, the research system needs to maintain both private and public 
contacts internationally in order to ensure that it remains linked with world-wide 
knowledge economies.  Basic research is an important bargaining chip in exchanging 
knowledge with overseas groups. 
 
Australian universities appear to be doing relatively well here.  The number of 
international linkages between academics nearly doubled between 1981 and 1992.  By 
the end of this period research papers involving international collaboration had risen 
to 22% of the total Australian effort (Bourke and Butler 1995). Most, however, 
involved co-authorship with just one other country, and there were markedly different 
trends between regions over time.   
 
The UK and USA were the most important contacts for basic research, although the 
proportion of collaborations with these ‘traditional’ partners has been declining as 
collaborations with Asian institutions have increased.  Asian institutions were also 
more prominent in formally negotiated links, the latter driven by both government 
initiatives and income-seeking by universities.  Other Government research agencies 
exhibited a similar pattern of contacts  (Department of Industry Technology and 
Regional Development 1993). 
 
These data, however, again demonstrate the need for younger and smaller institutions 
to increase their participation, as only 4 universities (ANU, University of Melbourne, 
University of Sydney and UNSW) accounted for 53% of the total output of 
internationally co-authored publications (Bourke and Butler 1995).  Involvement by 
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others would have several benefits: it would increase institutional profiles, it would 
enable them to access mainstream overseas research, and it would allow access to 
tacit knowledge.  It should also enable regional universities to assist in development 
of their local industry cluster, thus developing agglomeration effects. 
 
16. Part B Conclusions 
 
Part B has demonstrated that, despite the importance of national innovation systems, 
the players in Australia are fragmented.  The Australian Government does not treat 
the system as a system.  Thus, funding decisions are ad hoc and are sometimes made 
without regard to flow-on effects in other areas; there are overlaps in administrative 
responsibilities; and there is competition between research groups with overlapping 
interests.  This is not a symptom of only the present government - the problems are 
embedded deeply in our federal system and in the competing portfolio responsibilities 
of individual Ministers. 
 
Nevertheless, we must work within the current system and seek Government 
commitment to, and support for, the role of universities in three key areas which have 
been highlighted in this paper: basic research, the education system, and maintenance 
of information flows between the players in the national innovation system. 
 
It is essential that the Australia government acknowledges the role of basic research in 
Australia’s economic growth and development.  This means continuing support of 
basic research through grant (ARC) and other funding programs, including 
development of more special research centres in key fields.  The Government must 
openly acknowledge that such research has intrinsic value and acts as the wellspring 
for applied research, as well as an important bargaining chip in international arenas.   
 
Those undertaking basic research also require sufficient infrastructure for current 
activities plus funding for new infrastructure in high tech areas (where Australia 
needs to develop its capabilities).  In order to achieve this the Government also needs 
to adopt an infrastructure spending target of at least the OECD average of 15.2% of 
total R&D expenditure.  Without such funding, Australia will not be able to maintain 
its standing internationally and will lose access to the other 98% of research output 
that lies outside our borders. 
 
The Government must also acknowledge and support the central role of universities in 
the education system and their role in providing appropriate training for Australia in 
the knowledge economy. This includes providing resources to lift the number of 
science and engineering graduates, and helping them to obtain industry-based 
employment (eg through creative government and/or industry-funded programs).  One 
way for the Government to encourage more students to undertake these courses  
would be to reduce te HECS payable by these students when they graduate.  The 
Government could also assist industry associations and the community to participate 
in this process, perhaps by co-funding scholarships. 
 
The final issue is the contribution of existing information networks and development 
of new links (and involvement of new players).  This requires, at the very least, 
maintenance of existing government programs (eg TCS, BNP, R&D tax concessions - 
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the latter preferably at 150%) which help universities talk with industry and meet their 
research and training needs. New mechanisms may also be required to assist 
universities to interact with small, as well as large, companies and community groups, 
and to promote spinoff companies (new players). As smaller companies gain 
experience, and perhaps employ more highly qualified (PhD) staff, universities will 
be well placed to continue to support them because of their strengths in basic 
research.  Geography is important - newer universities may require specific assistance 
to develop links and embed them in their regional milieu. 
 
Linkages with other players (researchers, community) in Australia and overseas are 
also important.  The CRC program has demonstrated the value of these linkages and 
must be maintained in order to help cement these benefits and develop clusters of 
research expertise in new fields. 
 
Finally, many of these changes require a major shift in attitude in addition to extra 
funding.  Government needs to acknowledge the university’s central role in the 
information economy, and the institutions themselves need to co-operate to address 
those issues where they can have an effect:   
 
Both public and private sectors need to re-examine their roles and strategies and put 
in place the institutional and organisational keys to success in the learning economy.  
Learning economies will dominate world competition in the twenty-first century; the 
requirements for successful competition are already visible to those who wish to see 
(Marceau et al 1997: 11.11). 
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